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ABSTRACT

The incidence of overweight and obesity in the United
States and worldwide has reached epidemic proportions.
To effectively intervene, dietetics professionals and other
health care practitioners need to address both sides of the
energy balance equation when counseling clients and pa-
tients. Often, the focus on energy intake supersedes the
promotion of a physically active lifestyle. Incorporating
appropriate and sufficient physical activity into one’s life
is an essential component of achieving and maintaining a
healthful body weight. This review summarizes back-
ground knowledge on the benefits of physical activity for
health and provides an overview of available tools for
measuring physical activity and energy expenditure. The
physical and mental health benefits of an active lifestyle,
current physical activity recommendations for the US
public, the prevalence of inactivity in the United States,
and components of energy expenditure are reviewed. Ad-
ditionally, tools for estimating total energy expenditure,
resting metabolic rate, and physical activity are evalu-
ated and suitable approaches for applying these tools are
provided.
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hysical inactivity and poor diet have been identified
as a leading cause of death in the United States. In
2000, about 400,000 deaths were linked to these
behaviors (1). This figure represents a 33% increase in
deaths attributable to these behaviors since 1990 (2) and
the prevalence of overweight and obesity is considered to
be the major mediator of this increase. If the trend of
escalating overweight and obesity is not reversed in the
near future, the combination of poor diet and inactivity
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may become the number-one cause of death (1). These
sobering statistics demand the attention of all health care
practitioners but they represent a specific call to action
for dietetics professionals. To effectively move forward,
practitioners need to be equipped with both knowledge
and appropriate tools. Often, health care professionals
focus heavily on the energy intake side of the energy
balance equation. However, emphasis on both energy in-
take and expenditure is needed to address the current
obesity epidemic. The purpose of this review is to provide
essential background knowledge and an overview of
available tools for practitioners to use with clients or
patients. Tools for estimating total energy expenditure
(TEE), resting metabolic rate (RMR), and physical activ-
ity are reviewed.

HEALTH BENEFITS OF PHYSICAL ACTIVITY

Traditionally, exercise has been viewed as a universal
panacea, providing a wide range of both physical and
psychological benefits. Moderate amounts of physical ac-
tivity have been shown to reduce the risk of premature
mortality from all causes (3), and from coronary heart
disease specifically (4). Numerous studies have linked
regular physical activity with improvements in the func-
tion of muscles and joints, achieving peak bone mass,
fine-tuning metabolic homeostasis, achieving endocrine
and immunologic health, and enhancing mental heath. In
the Dietary Guidelines for Americans (5), the importance
of regular physical activity is highlighted in the overall
recommendation to aim for fitness, and the recognized
health benefits of regular physical activity are outlined
(Figure 1). In recent years, it has also become apparent
that regular physical activity, including activities not
traditionally classified as exercise such as leisure-time
and work-related activities, may also yield health bene-
fits. Research has supported the idea that habitual phys-
ical activity is inversely related to the incidence of obe-
sity, type 2 diabetes mellitus, and cardiovascular disease.

Obesity

When energy intake exceeds energy expenditure, the sur-
plus energy is stored, primarily as body fat. If this posi-
tive energy balance occurs chronically, obesity develops.
Increasing physical activity to achieve energy balance
and prevent obesity, rather than solely reducing energy
intake, offers several physiologic and metabolic advan-
tages. Physical activity may improve appetite control, but
this is a largely unexplored area of research, and most of
the studies have examined only the acute or short-term
effects of exercise on food intake (6). Longer-term studies
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Figure 1. Health benefits of regular physical activity (5).

monitoring appetite and food intake in response to regu-
lar physical activity have yet to be conducted. Regular
physical activity is known to induce favorable metabolic
changes in muscle and adipose tissue that promote the
use of fat for energy as opposed to storing it. These
changes are summarized in detail in reviews by Faulkner
and colleagues (7) and Despres (8).

Type 2 Diabetes

Physical activity enhances insulin sensitivity and improves
glucose tolerance (9). Hence, research efforts have been
directed toward defining the role of physical activity in the
prevention and treatment of type 2 diabetes mellitus. In-
creased incidence of type 2 diabetes has been linked to
inactivity in large population studies (10-12), and participa-
tion in lifestyle modification programs to increase physical
activity leads to a reduced incidence of the disease (13,14).
Improved insulin sensitivity has also been reported in per-
sons with diabetes who become more physically active
(15,16). These positive effects of physical activity may be
attributed, in part, to increased skeletal muscle contrac-
tions that mimic the action of insulin, thereby increasing
glucose uptake and metabolism (17-19).

Cardiovascular Disease

The relationship between physical activity and cardiovas-
cular disease has been an active area of investigation for
many years. Engaging in regular exercise or moderate phys-
ical activity improves circulating lipid profiles and favorably
alters lipoprotein metabolism (20-23), decreases blood pres-
sure (24), reduces blood coagulation and platelet aggrega-
tion (25), and decreases risk of cardiac arrhythmias (26).
The prevention of cardiovascular disease by physical activ-
ity has been recently reviewed (27).

Mental Well-Being

Psychological benefits of long-term exercise participation
have been observed (28-32). Physical activity appears to
help in managing mild to moderate depression and anx-
iety, but there is less evidence to support its effect on
more severe anxiety disorders. Cross-sectional and pro-
spective studies generally demonstrate that higher levels
of occupational and leisure time physical activity are
associated with reduced symptoms of depression, with
the effects tending to be stronger in women than in men.
Inactive persons are about twice as likely to have symp-
toms of mild to moderate depression than persons who

are more active. However, observational studies are in-
adequate for determining if physical inactivity leads to
symptoms of depression; if symptoms of depression lead
to inactivity; or if some other factor, such as social sup-
port, might mediate the relationship. Interventional
studies are required for this purpose. To date, evidence
from randomized controlled trials supports the prior find-
ings, and further suggests that moderate- and vigorous-
intensity aerobic or resistance-training exercise can re-
duce symptoms of depression. Unfortunately, such
studies have not systematically investigated the type of
exercise or the duration and intensity of exercise required
to reduce symptoms of depression. Further, the literature
is equivocal about whether or not increases in cardio-
respiratory fitness are required to alter symptoms of de-
pression. Proposed underlying mechanisms believed to
mediate these beneficial effects include both physiologic
and psychological factors such as endorphins, distraction,
and feelings of self-efficacy.

Cognitive Function

Studies also suggest that physical exercise can benefit
cognitive functioning, particularly in later life. There is
now a substantial body of literature suggesting that life-
long, regular exercise can result in cognitive enhance-
ments (33). Much of the literature has focused on aerobic
exercise such as walking, running, bicycling, and swim-
ming. A recent meta-analysis indicates that aerobic fit-
ness training can have a robust and beneficial influence
on the cognition of older adults, regardless of the type of
cognitive task, the training method, or the participants’
characteristics (34). Interestingly, a regimen that com-
bined strength and aerobic training had a stronger effect
on cognitive performance than did aerobic training alone.
However, only long-term adherence (more than 6 months)
to a regular exercise regimen, lasting about 45 to
60 minutes at each session, was found to be effective.
Cognitive processes, such as planning, scheduling, coor-
dination, inhibition, and working memory exhibited the
most benefit with improved fitness. Animal research sup-
ports these findings (35-37) and further demonstrates
that exercise stimulates the adult and aging brain to
generate new neurons, to promote functional changes in
neuronal structure, to elevate neuronal resistance to in-
jury, and to increase brain vascularization (36,38). All of
these factors likely play a role in the enhancing effects of
exercise on human cognitive performance.

RECOMMENDATIONS TO THE PUBLIC

For almost 40 years, a clear message has been sent to the
public regarding the need to be physically active. How-
ever, general recommendations emphasizing the use of
endurance-type exercises for preventing heart disease
(39), improving cardiorespiratory fitness (40,41), promot-
ing health (42), and controlling weight (43) have now
evolved to more outcome-specific advisories.

Prevention of Chronic Diseases

In 1996, the Surgeon General issued Physical Activity
and Health (29), a report stating that persons of all ages
should accumulate a minimum of 30 minutes of physical
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activity of moderate intensity on most, if not all, days of
the week. This amount of physical activity is roughly
equivalent to expending 150 kcal per day or 1,000 kcal
per week. The primary outcome affected by this quantity
of physical activity is decreased risk of developing chronic
diseases such as diabetes and cardiovascular disease. The
report also acknowledges that for most, greater physical
health benefits and weight control can be obtained by
engaging in physical activity of more vigorous intensity or
of longer duration, and that exercises to develop strength
should be performed at least twice weekly for adults.

Weight Control

More definitive recommendations are needed if the desired
outcome is to be related to weight control (ie, weight loss,
maintenance of reduced body weight, or prevention of adult
weight gain). Physical activity is recognized as an important
component of weight-loss programs but is most effective
when combined with appropriate diet modifications (44). To
prevent weight regain following significant weight loss, es-
timates of physical activity energy expenditure have been
reported to range between 300 and 400 kcal per day (45-48).
Clearly, these values for physical activity energy expendi-
ture exceed the current public health recommendations and
underscore that a higher level of participation in a physi-
cally active lifestyle is required to maintain a reduced body
weight.

Prevention of Adult Weight Gain

It is important to know how much physical activity is re-
quired to prevent unhealthful weight gain in adults. Obser-
vational evidence indicates that regular physical activity
can prevent weight gain, but it must be moderate to vigor-
ous in intensity and associated with improvements in phys-
ical fitness (49). A comprehensive review of the evidence
suggests that the energy expended in daily physical activity
be at least 80% of resting energy expenditure, an activity
level equivalent to an additional 60 to 90 minutes of brisk
walking in adults who normally engage in only modest
amounts of physical activity (50). These physical activity
recommendations coincided with the release of the Dietary
Reference Intakes for energy and macronutrients (51). The
recommendation of 30 minutes per day of regular, moder-
ate-intensity activity was challenged because it was insuf-
ficient to prevent adult weight gain and fully achieve all the
identified health benefits. Instead, the recommendation is
that adults should engage in 60 minutes of moderate-inten-
sity physical activity daily to promote a healthful body
weight as well as health and vigor (51).

Television Watching

Policy makers who are promoting an increase in physical
activity should not ignore the independent impact of a
sedentary lifestyle on health and disease prevention.
Measures of sedentary behavior, such as hours spent
watching television, have been used in several large pop-
ulation studies and, as expected, are associated with an
increased risk of becoming overweight or obese (52,53), as
well as developing type 2 diabetes mellitus (54,55) or
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cardiovascular disease (56). Television viewing appears
to have the strongest association with obesity compared
with other sedentary behaviors such as reading, working
at a computer, or commuting in a car. This finding may be
attributable to the facts that the least amount of energy is
expended during television viewing compared to other
common sedentary behaviors, increased snacking of en-
ergy-dense foods may occur during television viewing,
and persons with the highest television viewing time also
tend to have the poorest diet quality (55). It is interesting
to note that in large population studies there was no
association between hours spent watching television and
physical activity levels; both television viewing and phys-
ical activity level contributed independently to risk of
developing obesity and type 2 diabetes (55). Even in the
most physically active people, incidence of overweight
increased as the hours of television viewing increased
(57). These findings imply that higher levels of regular
physical activity do not guarantee that persons will re-
duce the time spent in sedentary behavior. Hence, in-
creased physical activity may not provide the expected
health benefits if sedentary behaviors persist. Not only
should public health messages encourage increased phys-
ical activity, but they should also aim to decrease time
spent in sedentary behaviors by suggesting other lifestyle
choices that involve moving more and sitting less, such as
walking or bicycling to work, walking pets, walking at the
mall, using stairs instead of elevators, increasing time
spent in household tasks, gardening, and taking activity
breaks at work.

PREVALENCE OF INACTIVITY

Efforts to track physical activity and sedentary behaviors
have been standardized and allow assessment of the
prevalence of inactivity across the United States (Fig-
ure 2). Data obtained in 2001 from the Behavioral Risk
Factor Surveillance System indicate that only 22% of US
adults are achieving the recommended amount of regular
physical activity, more than 60% of US adults are not
physically active on a regular basis, and 25% of all adults
are not active at all. Physical inactivity was more preva-
lent among women than men, older than younger adults,
less affluent than more affluent, and African-American or
Hispanic ethnicity than white ethnicity (29). Although it
would seem logical to conclude that physical activity lev-
els have declined as the incidence of obesity has in-
creased, most observational data indicate that physical
activity levels, particularly the time spent in leisure ac-
tivities, have not changed during the escalation of the
obesity epidemic (58). This conclusion might be erroneous
because the emphasis has been placed on monitoring
leisure-time activities, and many physical activity
changes related to occupational, household, and miscel-
laneous categories of activity have not been well charac-
terized. With better standardization of surveillance
methodology and improved tools for assessment of energy
expenditure and physical activity, we will be better
equipped to define the relationship among physical activ-
ity, sedentary behavior, and obesity and associated
chronic diseases.
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Figure 2. Prevalence of people in each state meeting public health physical activity recommendations (at least 5 days a week, 30 minutes a day
of moderate activity or at least 3 days a week, 20 minutes a day of vigorous activity). Figure courtesy of US Centers for Disease Control and

Prevention.

A PRIMER ON ENERGY EXPENDITURE
Components of Energy Expenditure

TEE, measured over a 24-hour period, has several com-
ponents. The basal metabolic rate (BMR) represents the
minimal rate of energy expenditure that is needed to
support vital functions such as the work of breathing,
circulation of blood, contractions of the gastrointestinal
tract, maintenance of body temperature, metabolic ho-
meostasis at rest, and other functions of internal organs.
BMR measurement requires that the subject be in a su-
pine position, following a 12-hour fast, in the morning
(30 minutes after awakening but before rising out of bed),
in a thermoneutral environment with dim lighting, low
noise level, and minimal distractions. Because of the
challenges associated with establishing these conditions,
RMR is measured more frequently. RMR represents the
amount of energy expended under restful conditions, and
typically accounts for about 60% to 70% of TEE. Typi-
cally, RMR is measured after 30 minutes of rest in a
recumbent position. In a research protocol, an RMR mea-
sure occurs under fasting conditions (10 to 12 hours),
with no participation in strenuous physical activities for
24 to 48 hours before measurement. These stringent con-
ditions are often not feasible in a clinical setting, and
RMR measures are taken in the postabsorptive state
(approximately 4 hours following the most recent meal)
with no limit placed on strenuous physical activity on
days preceding the measurement. Additional procedures

that might be stressful or agitate the patient, such as
blood drawing, must also be avoided whenever possible.
When measured under these less rigorous conditions,
RMR is approximately 10% higher than BMR. The ther-
mic effect of food, or dietary thermogenesis, is the com-
ponent of TEE that represents the energy needed for
eating, digesting, absorbing, transporting, metabolizing,
and storing useable forms of energy derived from food.
Generally, this represents about 10% of TEE, although
the thermic effect of food is known to vary in response to
the nutrient composition of the meal. The third compo-
nent of TEE is physical activity energy expenditure. This
component is the most variable, as persons can make a
conscious decision to be inactive, moderately active, or
very active and the resulting influence on TEE can be
small to significant.

Expressions of Energy Expenditure

To assist with the quantification of physical activity, other
expressions of energy expenditure have been established
based on these components of energy expenditure. Energy
expended in various forms of physical activity or exercise is
often expressed in metabolic equivalents (METs). A MET is
a numerical value that represents a multiple of RMR for a
specific activity. The Compendium of Physical Activities is a
valuable reference that provides MET values for a large
selection of physical activities (59). Activities with MET
values between 1.0 and 1.5 are considered sedentary. MET
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Table 1. Dietary Reference Intake predictive equations for estimat-
ing total daily energy expenditure of normal, overweight, and obese
adults aged >19 years®

Subject  Equation PA®

1.00 if PALY is estimated
to be =1.0 and <1.4
(sedentary)

1.12 if PAL is estimated
to be =1.4 and <1.6
(low active)

1.27 if PAL is estimated
to be =1.6 and <1.9
(active)

1.54 if PAL is estimated
to be =1.9 and <2.5
(very active)

1.00 if PAL is estimated
to be =1.0 and <1.4
(sedentary)

1.14 if PAL is estimated
to be =1.4 and <1.6
(low active)

1.27 if PAL is estimated
to be =1.6 and <1.9
(active)

1.45 if PAL is estimated
to be =1.9 and <2.5
(very active)

Men TEE®=864—(9.72 X age,
y)+PA[(14.2 X weight,
kg)+ (503 X height, m)]

Women  TEE=387—(7.31Xage,
y)+PA[(10.9X weight,

kg)+(660.7 X height, m)]

@From the Dietary Reference Intakes (51).
bPA=physical activity.

°TEE=total energy expenditure.
dPAL=physical activity level.

values ranging between 2.0 and 12.0 represent the typical
physical activity spectrum from light to moderate to in-
tense, such as strolling at a very slow pace (2 METSs) to
walking at a brisk pace (4.5 METSs) to jogging at a pace of 10
minutes per mile (10 METSs). In general, physical activities
performed at moderate intensity, as recommended for
health benefits, fall in the range of 3.0 to 4.5 METs. Al-
though the MET value applies to the level of energy expen-
diture achieved during the performance of a specific activ-
ity, engaging in different types of physical activities for
different durations and different intensities during a 24-
hour period is often expressed as the physical activity level.
Physical activity level is defined as the ratio of TEE to RMR.
In the absence of a direct measurement of total energy
expenditure, physical activity level can be estimated as a
weighted average of MET values assigned to all activities
constituting the 24-hour period, including sleep and rest.
Activity levels are often classified as sedentary, low, active,
and very active; the corresponding physical activity level
values for these activity classifications are listed in Table 1.

TOOLS FOR MEASURING ENERGY EXPENDITURE
TEE

The doubly labeled water stable isotope method is con-
sidered the gold-standard for measuring TEE of free-
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living people (60). It involves the administration of two
stable isotopes, deuterium and oxygen-18, and the track-
ing of their elimination rates from the body. The advan-
tage of this procedure is that it provides an accurate
assessment of TEE without modifying the usual lifestyle
of the persons being studied. However, accuracy of the
technique is dependent on maintenance of body weight
during the measurement period. Limitations of the dou-
bly labeled water method include high cost (about $1,500/
person) as well as the need for specialized equipment and
expertise to implement the technique.

The 2002 Dietary Reference Intake Committee (51)
devised TEE predictive equations based on published
doubly labeled water data for 407 normal-weight and
overweight/obese adults (Table 1). From this information,
a physical activity level was calculated by dividing TEE
by measured basal energy expenditure. Separate predic-
tive equations were developed for adult men and women
from age, height, weight, and physical activity level. Data
were not used if the physical activity level value was <1.0
or >2.5. The resulting equations are suitable for predic-
tion of energy requirements for normal-weight groups,
overweight/obese groups, and in mixed groups containing
normal-weight and overweight/obese adults. These equa-
tions have not been subjected to validation studies, but
are provided in this manuscript for information.

BMR or RMR

For the determination of oxygen consumption and carbon
dioxide production, respiratory gas exchange is measured
by sampling expired breath and analyzing its oxygen and
carbon dioxide content. Instrumentation used for this
procedure is listed in Table 2. This analysis yields a rate
of oxygen consumption (VO,) and a rate of carbon dioxide
production (VCO,). To convert VO, and VCO, to units of
energy expenditure (kilocalories per minute), the Weir
equation (61) is used:

Kcal/min=(3.941xXVO0,)+(1.106 XVCO,)—(2.17X
urinary nitrogen).

VO, and VCO, units are liters per minute and urinary
nitrogen unit is grams per minute.

A difficulty inherent with this calculation is choosing
when, and for what period of time, a representative urine
sample should be obtained. Fortunately, under normal
physiologic and dietary conditions, the contribution of
urinary nitrogen is negligible, and a modified Weir equa-
tion can be used without introducing any appreciable
error:

Keal/min=(3.9XV0,)+(1.1xVCO,).

An inexpensive alternative to using indirect calorime-
try for the determination of BMR or RMR is the use of
predictive equations based on simple measures of a per-
son’s age, height, and weight (Table 3). Of these equa-
tions, the Mifflin equation appears to provide the most
accurate predictive power for nonobese persons, with
about 80% of predictions accurate within =10% of mea-
sured values. The Harris-Benedict equations tend to
overpredict RMR, and the Owen equations tend to under-
predict RMR (62). The World Health Organization equa-



tions have not undergone rigorous evaluation, although a
small study of European adults suggests their predictive
power is accurate compared to the BMR determined by a
metabolic cart (63).

Physical Activity Energy Expenditure

Measuring physical activity has proved to be a challeng-
ing effort due, in part, to the multifaceted nature of move-
ment as well as the limitations of self-report. Both the
objective measurement of the different dimensions of mo-
tion (type, duration, intensity) and the subjective report-
ing of activity are prone to error. In an attempt to improve
the accuracy of physical activity measurement, investiga-
tors often combine two or more methods (examples are
listed in Welk [64]). Thus, the limitations of one method
can be offset by the strengths of another method. For
example, a questionnaire may provide insight into the
physical activity pattern that the person considers impor-
tant and desirable, while a motion sensor worn by this
same person provides an actual measure of his or her
activity. The synthesis of these results can help guide the
development and progress of a physical activity treat-
ment program. Combining methods may also reduce
physical activity measurement error when changes in
activity are expected to be small and difficult to detect.
Table 2 summarizes the advantages and limitations of
using each method. Included are selected references from
the extensive body of literature evaluating the accuracy
of specific devices; however, few studies have assessed the
aspect of usability.

Self-Report. Self-report methods for describing physical
activity include questionnaires, interviews, and activity
diaries. The spectrum of self-report instruments is broad,
ranging from simple one-page questionnaires that assess
average physical activity during the past year, to labor-
intensive diaries that provide a detailed account of activ-
ities throughout the day. Questionnaires and interviews
often measure occupational and leisure activity sepa-
rately and assign scores to answers that are then con-
verted to general activity levels or specific energy expen-
diture values. Black (65) has written guidelines for using
information derived from questionnaires to select an ap-
propriate physical activity level factor in calculating
TEE. Large-scale epidemiologic studies that seek to de-
termine the relationship between activity and health typ-
ically use telephone and/or computer-assisted surveys or
written questionnaires to characterize habitual physical
activity in a population (66). In contrast, dietitians work-
ing with individual clients might use physical activity
logs to monitor clients’ success in reaching physical ac-
tivity goals. When selecting among self-report methods, it
is important to consider the time and effort required in
scoring or evaluating the questionnaire or diary. Ques-
tionnaires tend to require little time, whereas diaries are
more labor intensive. Reviews addressing the accuracy,
repeatability, and utility of self-report physical activity
measures are available (67-69). Pereira and colleagues
(70) have compiled a comprehensive collection of physical
activity questionnaires.

Motion Sensors. Motion sensors comprise a variety of elec-
tronic and mechanical devices that include pedometers
(step counters) and accelerometers (acceleration detec-

tors). Accelerometers detect total body displacement in a
particular plane of motion. Uniaxial or biaxial accelerom-
eters measure motion in the vertical plane while triaxial
accelerometers record movement in the vertical, horizon-
tal, and mediolateral planes. Selecting an appropriate
sensor for a particular purpose requires forethought of
the outcomes to be assessed, in addition to considerations
of cost, computer access (accelerometers require comput-
erized data calculation), and subject burden. For exam-
ple, if accurate estimation of physical activity energy
expenditure is being quantified in a small group of highly
motivated research subjects, accelerometers positioned
on several parts of the body might be optimal. On the
other hand, if the effectiveness of an intervention to in-
crease walking is being assessed in an outpatient clinic
setting, pedometers would likely suffice. Although sub-
jects demonstrate high compliance in using accelerome-
ters (71), there is considerable variability in performance
among models of both accelerometers and pedometers,
and investigation is recommended before selecting a de-
vice. Summaries of accelerometry, including validation
and reliability studies, are available (64,72).

Physiologic Response Measurement. Measurable indicators
of the physiologic response to physical activity include
heart rate and pulmonary gas exchange. Heart rate mon-
itoring is one of the more common methods used to de-
scribe the intensity and duration of physical activity.
Today, most monitors have software for converting heart
rate data into an estimate of energy expenditure. How-
ever, when a higher level of data accuracy is desired, a
submaximal, graded exercise test is required to calibrate
the subject’s heart rate to simultaneous oxygen consump-
tion. From this, a calibration curve can be constructed for
estimating energy expenditure at moderate to strenuous
levels of exercise: heart rate increases linearly with oxy-
gen consumption (73). A limitation of employing heart
rate as a surrogate for energy expenditure is that the
relationship between heart rate and VO, is weak at low
activity levels, which are the levels characteristic of most
sedentary individuals. For example, in a seated subject
heart rate can rise or fall solely in response to emotions,
caffeine intake, ambient temperature, or illness (74). An-
other important consideration before using heart rate
monitors for physical activity assessment is usability. In
a recent study measuring physical activity across a
2-week period, highly motivated subjects showed poor
compliance in wearing a heart rate monitor for all waking
hours on select days (71). Suggested reviews of heart rate
monitoring as a marker for physical activity are available
(67,72,75).

New Developments. Several recently developed instru-
ments that capture information on physical activity have
potential as research tools. A digital activity log devel-
oped at the US Department of Agriculture’s Western
Human Nutrition Research Center allows subjects to
record throughout the day the type and duration of phys-
ical activities performed. The activity log program, which
is derived from a previously published method by Bou-
chard and colleagues (76), is loaded onto a handheld
computer. The user reports activity on an hourly basis,
selecting from seven categories of activity (based on
METSs) and recalling the time spent in those activities in
increments as small as 5 minutes. This device holds
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Table 2. Resting metabolic rate (RMR) and physical activity measurement tools

Advantages

Limitations

SensorMedics

Vacumed

gas analyzer
Physical Activity

. Self-report (70, Self-administered

Yamax Digiwalker
(92,93
Accelerometers
CSA/MTI
Actical
Tritrac
(94,95)
Ill. Physiological Heart Rate Monitors:
Response Polar

Measurement
(75) monitor.com)

Method Examples
RMR by indirect calorimetry
I. Metabolic cart ParvoMedics
(89) (www.parvomedics.com)

(www.sensormedics.com)

(www.vacumed.com)

II. Handheld Device BodyGem/MedGem
(78,86,87,90) (www.healthetech.com)
lll. Douglas Bag Bags available through

91) various vendors; used
in conjunction with
Tissot spirometer and

74) questionnaire
Interviewer-administered
questionnaire
PA diary
Il. Motion sensors Pedometers

(www.stepintohealth.com)

(www.mtiactigraph.com)
(www.mini/mitter.com)

(www.stayhealthy.com)

(www.polarheartrate-

Automated flow/volume and gas
analyses

Ability to calibrate instrument before
each test

Enables minute-by-minute monitoring
of test

Widely used

Small, lightweight, portable

Generates result in 8 to 10 minutes

Less costly vs cart

Historically considered the gold
standard,; reliable, valid
Low cost

Low cost for simple questionnaire

Minimal subject burden

Captures qualitative and quantitative
information

Captures qualitative & quantitative
information

Objective measure of the most
common PA

Low cost

Minimal subject burden

Feedback to wearer

Objective assessment of PA

Data downloaded to computer for
analysis

Small size, lightweight

Minimal subject burden

Able to collect data for prolonged
period of time

Captures information on intensity,
frequency, duration of PA

Objective measure of PA

Data downloaded to computer for
analysis

Direct measure of physiological
response to PA

Strong correlation with energy
expenditure during aerobic PA

Captures information on intensity,
frequency, duration of PA

Feedback to wearer

Large instrument with limited mobility; not
feasible for field use

Requires laboratory facilities and skilled
personnel for calibration and testing

Requires approximately 30 minutes for
calibration and test

High cost

Validation studies show significant
difference from cart (=90 kcal)

Not able to monitor throughout the test
(single result provided at end of test)

Possible contamination of collected air

Separate collection and analysis more time-
consuming

Subjective measure of PA?

Misinterpretation of instructions

Deliberate misreporting

Inaccurate recall of intensity and time of PA

Some questionnaires fail to capture aspects
of PA (eg, frequency, type, duration,
intensity)

Subjective measure of PA

Heavy subject burden

Considerable labor cost for converting
activity information to energy expenditure

Fails to capture nonlocomotor movement

Fails to capture intensity and rate of activity

Not sensitive to gait differences among
people

Considerable variability in accuracy among
models

Fails to capture some PA (eg, carrying load,
upper body movement [if worn on hip])

Does not differentiate types of activity

Moderate to high cost

Most models offer no feedback to wearer

Heart rate fluctuations may result from
non-PA events (eg, emotions, room temp,
training)

Calibration requires treadmill exercise test

Moderate cost

Discomfort of wearing chest transmitter
over time

Signal transmission prone to interference

Not useful for capturing energy expenditure
of anaerobic activity

Multiple methods of analyzing data, yielding
different results
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Table 2. Resting metabolic rate (RMR) and physical activity measurement tools (continued)

(71,77,78)

IDEEA (www.minisun.com)
(79)

Cosmed K4b2
(www.cosmed.it) (85)

SenseWear armband
(www.bodymedia.com)
(80)

handheld computer)

Data downloaded to computer for
analysis

Objective measure of PA

Data downloaded to computer for
analysis

Wide range of data output: type,
duration, intensity of PA

Portable combination indirect
calorimeter—heart rate monitor
system

Data downloaded to computer for
analysis

Wireless sensor; gathers data on
movement, energy expenditure,
steps, duration of PA, skin
temperature, heat flux

Data downloaded to computer;

Method Examples Advantages Limitations
IV. Recent Digital Activity Log Simple to use Subjective measure
Developments (www.whnrc.usda.gov) Modest cost (ie, purchase of Moderate subject burden (ie, hourly entries)

No feedback to user

Heavy subject burden
High cost
No feedback to wearer

Heavy subject burden (ie, face mask)

Designed for measuring bouts of PA, not
continuous daily activity

Peer-review validation studies of
combination system not available

High cost

Peer-review validation studies not available

High cost

analyses via website
Minimal subject burden

apA=nphysical activity.

promise as both a self-monitoring device and a research
tool. Preliminary data show excellent usability and high
accuracy in estimating physical activity energy expendi-
ture when used by motivated, normal-weight women
(71,77,78).

Another recent development is a sophisticated system
for recording posture and movement, called the Intelli-
gent Device for Energy Expenditure and Activity. This
sensor is part of the next generation of accelerometers in
that it describes the type as well as the amount of move-
ment. For example, data collected by the Intelligent De-

vice for Energy Expenditure and Activity can show that a
person played soccer or climbed stairs for 30 minutes. It
is composed of a small device worn on the hip with flexible
wire extensions that attach to the feet, legs, and chest.
Validity and reliability studies have been conducted with
encouraging results (79).

Two advanced-technology introductions to the line of
products that measure physiologic parameters for esti-
mating energy expenditure are the SenseWear Armband
(BodyMedia Inc, Pittsburgh, PA) and the Cosmed K4b?
(Cosmed, Rome, Italy). The SenseWear Armband is a

Table 3. Prediction equations for metabolic rate by gender using body weight, height, and age

Equation

Author Study subjects
Harris-Benedict (96) Men
Women
Mifflin, et al (97) Men
Women
Owen, et al (98,99) Men
Women

World Health Organization (100) Men aged 18-30 years
Men aged 30-60 years
Men aged >60 years
Women aged 18-30 years
Women aged 30-60 years

Women aged >60 years

RMR#=66+(13.75xweight, kg)+(5.0<height, cm)—(6.76<age, )
RMR=655+(9.56 X weight, kg)-+(1.85Xheight, cm)—(4.68<age, y)
RMR=(9.99 X weight, kg)+(6.25xheight, cm)—(4.92xage, y)+5
RMR=(9.99 X weight, kg)-+(6.25xheight, cm)—(4.92<age, y)—161
RMR=879+(10.2Xweight, kg)

RMR=795+(7.18 X weight, kg)

BMR®=(15.4 X weight, kg)— (27 X height, m)+717
BMR=(11.3xweight, kg)+(16<height, m)+901

BMR=(8.8 xweight, kg)+(1,128xheight, m)—1,071
BMR=(13.3Xweight, kg)+(334Xheight, m)+35

BMR=(8.7 xXweight, kg)—(25Xheight, m)+865
BMR=(9.2xweight, kg)+ (637 xheight, m)—302

2RMR=resting metabolic rate.
PBMR=basal metabolic rate.
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portable device worn on the upper arm that contains an
accelerometer, temperature sensors, and a receiver capa-
ble of recording transmissions from a heart rate monitor.
Information on validity and reliability of the SenseWear
device is available on the manufacturer’s Web site (80);
no peer-review studies have been published. The Cosmed
K4b? is a portable system composed of gas (O,, CO,)
analyzers and a heart rate monitor, designed to estimate
physical activity energy expenditure in the field and lab-
oratory. The indirect calorimetry component of the
Cosmed has tested well for accuracy and reliability (81-
85), but the combination system has yet to be validated.

CONCLUSIONS

Promoting an active lifestyle is critical to stemming the
obesity epidemic in the United States. In the current
environment, understanding what tools are available to
assess physical activity and how to implement and inter-
pret the measurements are essential skills. For health
care practitioners engaged in lifestyle counseling as part
of their nutrition and health services, personalization of
energy requirements through the use of the tools de-
scribed in this review could add an exciting dimension to
their practice. Often, a client’s interest is stimulated and
motivation elevated when personalized information is
provided. This can lead to better compliance with the
prescribed dietary and/or exercise regimen. Measured
RMR and/or physical activity level can also assist in
tailoring a weight-loss or weight-maintenance diet to a
client’s specific needs. For health care professionals in
private practice, the addition of these tools could expand
client bases. Many healthy clients are interested in seek-
ing out professional services to better understand their
personal energy requirements for lifetime health. Some of
these tools could also provide objective and scientific mea-
surements of physical activity and energy expenditure for
nutrition and/or dietetics outcomes-based research.

PRACTICE POINTS

Personalize a client’s therapy by using the appropriate
tools to estimate or measure energy expenditure. This
will enhance the effectiveness of services by engaging and
motivating the person and incorporating individualized
measurements.

Approaches for Determining RMR

Estimated RMR. Assess the level of accuracy of energy expen-
diture needed for the intended use. This means that if an
equation will satisfy your purpose, it is the most cost-effec-
tive approach. However, it should be kept in mind that the
equations are accurate for only approximately 80% of indi-
viduals at best (refer to the previous RMR sections for
accuracy and appropriateness of equations). If this is not
acceptable, use a more precise method, such as measuring
RMR.

Measured RMR. This approach requires a metabolic cart,
handheld device, or Douglas bag. The handheld device has
been shown to be accurate within =90 kcal of the cart
measurement (86,87). This finding, plus the cost and avail-
ability of equipment, will determine your choice of instru-
ment. Also consider the stringency of test conditions before
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and during the measurement of RMR. For example, if the
RMR will be used for research, a stringent protocol ought to
be implemented. In contrast, if the RMR will be used to
guide a person in weight loss, a clinical level protocol may be
followed (see the previous RMR section for guidance).

Four Suggested Approaches for Determining TEE

The Dietary Reference Intake equations (Table 1) are de-
rived from doubly labeled water data and are likely to yield
a fairly accurate prediction of TEE in healthy adults. How-
ever, in addition to age, weight, and height, an estimate of
physical activity level is required for the calculation. This
could be derived from a questionnaire (such as the Baecke
Physical Activity Questionnaire [88]). With this approach,
the physical activity level calculated from the questionnaire
is interpreted by referring to Black (65).

TEE=RMRXphysical activity level, where RMR is
measured and physical activity level is determined from a
questionnaire. Although this approach does not include
the thermic effect of food, it provides a fairly accurate
estimation of TEE (78).

TEE=[RMR (measured) (No. of waking hours)] +physical
activity (accelerometer)+estimated sleeping energy expen-
diture. The sleep component is calculated as (RMRX0.9)
(No. of sleep hours). This approach requires a measured
RMR plus access to or purchase of accelerometers and com-
puter hardware/software to translate recorded accelerome-
ter motion to energy expenditure. To reduce costs, several
accelerometers can be purchased and rotated. Although ac-
celerometers have been found to be highly user friendly (71),
some tend to underestimate moderate-intensity activity.
This might explain the underestimation of TEE found in a
recent study using this approach (78). As noted, this equa-
tion does not include thermic effect of food.

TEE=[RMR (measured) (No. of waking hours)] +PA (dig-
ital activity log)+estimated sleeping energy expenditure.
This approach provides the advantage of calculating TEE
while also capturing categories of activities (seated quietly,
moderate sport) performed throughout the day. The hours
spent in various MET-level categories are utilized to calcu-
late TEE from the digital activity log. Sleeping metabolic
rate can be estimated at (RMRX0.9) (No. of sleep hours).
This method has recently been validated and shown to be
within 10% of TEE as determined by the doubly labeled
water method when used by motivated, normal-weight
women (78). Further information about the digital activity
log can be obtained at the Western Human Nutrition Re-
search Center Website (www.whnrc.usda.gov).

Mention of a trademark or proprietary product does not
constitute endorsement by the US Department of Agri-
culture and does not imply recommendation over others
that may be suitable.
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